The study was conducted in three potato growing areas in nothern districts of Bangladesh namely Rajshahi, Rangpur and Thakurgaon. Data were collected during 2016-17 to assess the level of adoption, profitability, farmers attitude towards the cultivation of BARI released potato varieties and to explore the constraints to potato cultivation. The study revealed that 59% potato areas were covered by BARI Alu-7 variety. The varieties BARI Alu-13, BARI Alu-25 and BARI Alu-8 covered 14%, 14% and 12% of the potato areas respectively. The adoption level of seed rate, gypsum and boron were found high which adoption score were 95, 72 and 71. The level adoption of urea, TSP and MoP were over used which adoption score were 103,138 and 110. The adoption levels of cowdung and zinc sulphate were found medium which adoption score were 50 and 61. Only 37% farmers used potato seeds from their own source. Per hectare total cost of BARI released potato cultivation was Tk. 204003 and variable cost was Tk. 161033. The major share of cost was seed (31%) followed by fertilizer (13%) and land use (11%). Per hectare average yield of potato was 28 ton with gross return Tk. 249819 and gross margin Tk. 88786. The net return of potato cultivation was Tk. 45816 per hectare. The benefit cost ratio was 1.22. Infestation of insect and diseases, non-availability of quality seed, high price of seed and inadequate storage facilities were the major constraints to potato cultivation.
Introduction
Potato (Solanum tuberosum) is a leading vegetable crop in the world and occupies top-most position after rice and wheat both in respect of production and consumption (Aktar et al., 1998) . It is the third largest food crop in Bangladesh and has recently occupied an important place in the list of major food and cash crops of Bangladesh (Ali and Haque, 2011) . The crop ranks first among the vegetables in Bangladesh and its area and production are increasing day by day (BBS, 2016) . The total potato area is 475709 ha and production is 9474000 M. tons in Bangladesh. The growth rate of area, production and yield were 6.4%, 9.5% and 3.1% respectively during the period from 1995 to 2016 (Table 1) . Ensuring food security for all is one of the major challenges in Bangladesh today. Most of the varieties are not cultivated by the farmers because of various unknown reasons that need to be identified. The adoption of recommended practices of potato production by the farmers could easily raise food production and net income of the users (Amin and Islam, 2009) . Usually farmers follow different levels of production technologies depending upon their infrastructural facilities and socioeconomic conditions which ultimately resulted in variability in yields of potato (Elias et al., 1992 ). Farmer's production performance depends on physical resources and technology available to them as well as existing farm ADOPTION AND PROFITABILITY OF BARI RELEASED POTATO VARIETIES 311 management conditions. Efficient use of inputs and technologies could help farmers to get higher production from a given amount of resources. A very few studies were conducted (Begum et. al., 2017 and Haque et al., 2011) regarding the adoption of potato varieties in Bangladesh.
In view of the above discussion, the study attempted to achieve the following specific objectives: (i) to know the level of adoption of BARI released potato varieties at farm level; (ii) to know the agronomic practices of potatoes cultivation; (iii) to estimate the profitability of BARI released potato varieties; (iv) to evaluate the farmers attitude towards the cultivation of BARI released potato varieties and (v) to identify the socio-economic constraints of BARI released potato varieties adoption at farm level.
Methodology

Study area selection:
Sampling technique: Three districts, namely Rajshahi, Rangpur and Thakurgaon were purposively selected considering the major potato growing areas in northern region of Bangladesh. Again from each district three upazilas were selected considering the concentration of potato growers and easy access. From each upazila one block was also selected in consultation with the Upazila Agriculture Officer. A list of potato growers from the selected block were collected with the help of DAE personnel. Thus a total of 135 samples were randomly selected for the interview.
Method of data collection: Data were collected by the experienced field investigators with direct supervision of the researchers using a pre-tested interview schedule for the period of 2016-2017. Both fixed cost and variable cost were taken into account in calculating cost of potato cultivation. Land use cost was calculated on the basis of per year existing lease value of land. The profitability of potato production was examined on the basis of gross margin, net return and benefit cost analysis.
Analytical technique: Farm level collected data were edited, summarized, tabulated and analyzed to fulfill the objectives of the study. In most cases, tabular method of analysis supported with appropriate statistical parameters such as average, ratio, percentages were used to present the results of the study. The adoptions of improved technologies were measured through three ways: variety adoption, acreage covered, and use of crop management technology (i.e. agronomic practices, time of operation, input use). For assessing the adoption of crop management technology, respondent farmers was grouped into three categories such as high adopter, medium adopter, and low adopter based on the mean index of the farmer with respect to each technology. A higher index was indicating a higher level of adoption, while a lower index was indicate a lower level of adoption of a technology. Adoption level were categorized for mean index >100 as over use; 70-100 as high, 50-69 as medium, and <50 as low.
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Calculation of adoption index
Adoption index was calculated using the following formula (Gupta and Chowdhi, 2002 :
Profitability analysis
Profitability of potato was analyzed to compare the return received by the farmers.
a. Measurement of cost and return from potato cultivation
Equations for cost analysis are as follows 
Results and Discussion
Adoption of potato varieties
Within the study areas, the sample farmers adopted BARI released potato varieties such as BARI Alu-7, BARI Alu-13, asterisk and BARI Alu-8. Within the sample farmers on an average, 59% area was covered by BARI Alu-7. Highest area coverage(92%) by BARI Alu-7 was found at Rajshahi followed by Rangpur and Thakurgaon. Area coverage of both BARI Alu-13 and BARI Alu-25 were 14% (Table 2 ). The farmers of Rangpur mostly cultivated BARI Alu-7 and BARI Alu-25 varieties as a result BARI Alu-8 variety adoption was low. The local variety potato were Lalsheet, Sheet Bilatee, Lalpakri etc. It was mentioned that farmers choice BARI Alu-7 variety due to high price, good test and high market demand. Farmer choose BARI Alu-13 for short duration, less disease infestation and low risk in cultivation. They cultivated BARI Alu-25 for high yield attractive colour and high demand in Rangpur. The farmers in the study areas also cultivated BARI Alu-8 variety for higher price and good test. It was observed that though BARI released more than 70 varieties, the farmers adopted only four varieties. Farmers of the study areas were not aware about the latest released varieties of potato. On an average, 47% farmers adopted BARI Alu-7 variety followed by BARI Alu-13 (39%) BARI Alu-25 (31%) and BARI Alu-8 (30%) ( Table 3) . Among the locations BARI Alu-7 was popular at Rajshahi(73%), BARI Alu-25 at Rangpur and BARI Alu-13 at Thakurgaon. 
Technology used in potato production
The existing level of technology adoption in terms of agronomic practices, time of operation and input use are essential for achieving higher yield and return. The potato farmers in the study areas ploughed their lands with the help of power tiller and tractor. Recommended (4) 16 (7) 55 (25) 18 (8) 30 (40) Below recommendation > (4) 4 (2) 8 (18) 2(4) 12(9) Above recommendation < (4) 80 (36) 27 (12) 78 (35) The number of ploughing varied from farm to farm and location to location. Four times ploughing is recommended for potato cultivation. Based on the mean index, land preparation secured the over ploughing level of adoption for cultivation. On an average, only 30% farmers ploughed their land 4 times. More than 4 times ploughig was done by 61% farmers. Sowing was started from the 1 st week of November and continued up to the 3 rd week of December. About 93% farmer of Thakurgaon and 78% farmers of Rajshahi district had plant their seed in optimum period (Table 4) . Adoption level of ploughing and sowing date was found over use and high respectively. About 46% farmers followed recommended seed rate, whereas 43% farmer used above recommendation (Table 5) . Only 8% farmers used recommended doses (Kamal et al., 2012) . of cowdung (1.5-2.0 t/ha) in their plots. About 48% of the farmers used more than recommended dose and 44% farmers used lower than recommended doses of cowdung. About 75% of the farmers used urea more than recommended dose. Fifteen percent farmers used recommended doses of urea (220-250 kg/ha) in their plots and only 10% farmers used lower than recommended dose. Adoption level of urea was found slightly over use in the study areas with an adoption score 103. Most of the farmers (77%) used TSP above the recommended rate (120-150 kg/ha). Only 14% farmers used recommended doses of TSP while 9% farmers used below recommended dose. Overall adoption score of TSP application was found 138%, which indicates over use of TSP in the study areas. About 70% of the farmers used MoP above recommended dose. About 16% farmers used recommended doses of MoP (220-250 kg/ha) in their plots and only 14% farmers used lower than recommendation. As a result adoption level of MoP application found to be slightly over use in the study areas with an adoption score 110. About 8% farmers used recommended doses of gypsum (100-120 kg/ha) in their plots and 40% farmers used lower than recommended dose. Most of the farmers (62%) used gypsum above than recommendation. Adoption level was found high in gypsum. About 32% and 25% farmers used recommended doses (8-10 kg/ha) of Zinc and Boron in their plots. Adoption level was found 61 and 71% which indicates medium and high level of adoption respectively.
Agronomic practices
Farmers in the study areas prepared their potato plots using power tiller and tractor. Sixty four percent farmers used tractor for land preparation which was higher in Thakurgaon (93%) followed by Rangpur (58%) and Rajshahi (40%).
Rest of the farmers (34%) used power tiller (Table 6 ). About 37% farmers used their home supplied seed and rest of the farmers used seeds from different sources like local market, neibouring farmers, BADC, BRAC and seed companies. Generally one earthing up (48%) which was more (73%) in Rangpur or two earthing up (49%) which was more (75%) in Thakurgaon, was practiced by the farmers in the study areas. Sixty two percent farmers applied insecticides 5-8 times, 22% applied 9-12 times and 16% applied 3-4 times. Most of the famers (70%) irrigated their field 1-4 times.
Input use pattern
The human labour used for producing potato was found to be 176 man days per hectare of which 41% were family supplied ( Table 7 ). The use of human labor was highest in Rangpur (183 man-days/ha) followed by Rajshahi (179 mandays/ha) and Thakurgaon (166 man-days/ha). The average quantity of seed used by the farmers were 1904 kg/ha which was similar to recommended doses (1.5-2.0 t/ha) (Kabir et al., 2012) . On average, farmers used 8075 kg/ha of cowdung which was similar to recommended doses (8-10 t/ha). The farmers of Thakurgaon used cowdung slightly higher than recommended doses and Rajshahi farmers used very less amount of cowdung. It may be due to availability of cowdung to the farmers in those areas. They used chemical fertilizers like urea (371 kg/ha), TSP (219 kg/ha), MoP (400 kg/ha), DAP (177 kg/ha) and gypsum (114 kg/ha). They used higher doses of urea, TSP and MoP and lower dose of gypsum than the recommended dose. 
Cost of cultivation
The cost of potato cultivation was estimated to be Tk. 204003 and Tk. 161033 per hectare on total cost and variable cost basis, respectively. The major share in total cost was seed (31%), followed by chemical fertilizers (13%) and land use cost (11%). The cost of potato cultivation in Rajshahi was found higher (Tk. 209647/ha) than Thakurgaon (Tk. 203266/ha) and Rangpur (199097/ha). due to the higher cost of human labour, land preparation and more use of DAP (Table 8) .
Profitability of potato cultivation
The average yield of potato was 28 ton per hectare which was higher than the national average of 20.91 t/ha (BBS, 2015) . Comparatively higher yield was recorded in Rajshahi (30 t/ha) followed by Rangpur (28 t/ha) and Thakurgaon (26 t/ha) ( Table 9 ). Higher yield was obtained in Rajshahi due to better management.
The gross return and gross margin of potato cultivation were Tk. 249819/ha and Tk.88786/ha respectively. Gross margin was found to be highest in Rajshahi (Tk. 126759) followed by Rangpur (Tk. 74302) and Thakurgaon (Tk. 65298). The net return of potato cultivation was Tk. 45816 per hectare. The benefit cost ratio was 1.22. Average cost of production of potato was found 7.39 Tk/kg and it was highest in Thakurgaon (7.82 Tk/kg) and lowest in Rajshahi (6.99 Tk/kg). Farmers' attitude towards BARI released potato varieties Table 10 revealed that about 66% farmers willing to increase the cultivation of BARI released potato varieties in the next year. Higher yield (83%) ranked first behind the reasons for increasing potato cultivation followed by profitability (70%), easy production technology (57%) and short duration (47%). On the other hand, 34% farmers were not interested to increase cultivation of BARI released potato varieties due to high infestation of insect and diseases (87%), high price of seed (73%), lack of capital (51%) and inadequate storage facilities (48%).
Constraints of potato cultivation
The farmers in the study areas encountered different constraints during potato cultivation. The constraints were ranked based on their priority (Table 11) . A brief discussion on various problems has been made in the following sections.
Insect and diseases infestation:
Late blight (LB) disease is the aqute problem in potato cultivation. This was mentioned by 76% farmers. The yield of potato is seriously hampered by this disease. Although farmers have little knowledge about the harmful effects of disease incidence in potato. Generally farmers apply pesticide without recommendation in their field.
Non-availability of quality seed: Quality seed is the pre-requisite for higher yield of potato. Farmers in the study areas used potato seed from different sources like own source, BADC, market traders, etc. Market traders usually adulterate potato seed for receiving higher profit. Seed supplied by BADC is good but they supplied a small amount of seed, which do not meet the farmers' requirement and also the price of BADC seeds is very high. Nonetheless, own seed retained for their own use don't fulfill their requirements. Therefore, 70% respondent mentioned that non-availability of quality seed is a problem which hampered the potato yield. High price of input: Sixty four percent farmers opined that the cost of production of potato is high. Farmers have to spend a large amount of money in the form of seed, labour and fertilizer. Such a high cost prevents the farmers to expand the area under potato cultivation.
Impure fertilizer: About 57% farmers have identified the problem of adulteration and artificial scarcity of fertilizer. Farmers also informed that the dishonest traders try to create artificial scarcity through hoarding in the peak season for getting higher profit.
Lack of technical knowledge:
Technical knowledge relating to crop cultivation is also crucial for getting higher yield. It optimize input use, save production cost and increase yield of crops as well as farmers' income. Respondent farmers (28%) in the study areas were suffering from lack of technical knowledge regarding potato cultivation since they used various inputs unwisely. Therefore, this problem was reported to be an important problem of potato cultivation.
Inadequate storage facility: Potato is a semi perishable vegetable which needs storage for using it throughout the year. The small and medium farmers have to sell most of their potatoes immediately after harvesting with lower price. Most of them have little access to the local cold storage because of their small volume. Therefore, inadequate storage facility (46%) reported to be a problem in the study areas.
Conclusions and Recommendations
The study shows that BARI Alu-7 is a highly adopted potato variety in the study areas followed by BARI Alu-13, BARI Alu-25 and BARI Alu-8. Adoption index in ploughing is over use and adoption level of sowing date is high. Adoption level of seed rate, gypsum and boron were found higher in the study areas. The adoption level of urea, TSP, MoP was over use and adoption levels of cowdung and zinc sulphate were found medium. Most of the farmers collected potato seeds from other sources. Mostly one and two times earthing up, 5-8 times insecticides application and 1-4 times irrigation was practiced by the farmers in the study areas. Yield of potato was found higher at Rajshahi followed by Rangpur and Thakurgaon. Gross return, gross margin and net return also found higher in Rajshahi than Rangpur and Thakurgaon. Farmers' attitudes towards BARI released potato varieties seem to be very positive because most of the farmers wanted to increase potato production in the next year. Although potato cultivation is profitable, it faces various constraints like unavailability of quality seed, high price of inputs, insect and diseases, inadequate storage facilities etc.
Based on the findings, the following recommendations are put forward for wider adoption of BARI released potato varieties at farm level:
 BARI released potato seed should be made available to the farmers. So it should be need to encourage private seed companies to come forward for producing quality seed of potatoes.
 Motivational campaign through providing training, booklets and other supporting materials to farmers and extension personnel about the latest improved potato varieties should be continued.
 More intensive research should be undertaken by the breeders to develop disease and insect-pest resistant potato varieties in the near future.
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 Farmers level low cost storage facilities should be developed. Therefore, emphasis should also be given to increase the number of cold storage in the potato growing areas of the country.
